General tlospilal, University q/British Columbia, Vancouver, British Columbia, Canada v-The authors report 257 patients who underwent 338 craniotomies for the removal of meningiomas. The average duration of observed survival was 9.0 years, while that with acceptable quality of life was 8.3 years. Multiple factors including the size and location of tumors, the degree of tumor excision, the histological features, and the preoperative condition of the patients are important in both duration of survival and quality of life following surgery for intracranial meningiomas. Computerized tomography permits early diagnosis and is invaluable in follow-up assessment. It allows for recognition of small recurrent tumors, and offers a better opportunity for complete removal and, subsequently, a longer duration of reasonable survival. Radiation therapy may prolong survival time in patients with malignant meningiomas, but it fails to delay further tumor recurrences following its delivery to patients with recurrent tumors. There are multiple predisposing factors responsible for the development of postoperative seizures. These include tumor recurrence involving highly functional anatomical areas of the brain, history of preoperative seizures, and intraoperative factors such as excessive brain retraction and the sacrifice of major draining or bridging veins. Intraoperative complications may be decreased by using osmotic diuretics and subarachnoid drains, meticulous dissection, and with the increased awareness and preservation of the important venous structures.
M ENINGIOMAS account for approximately 14%
to 18% of all intracranial tumors. 622 This tumor is considered by neurosurgeons to be a benign, potentially curable tumor in the majority of cases, and is of interest to pathologists because of its various histological characteristics. Numerous reports on observed and expected survival periods associated with this tumor have been published) 9"2~ However, quality of survival has received little attention in the literature/ This report focuses on the morbidity and mortality rates, and the quality of survival following surgery for intracraniai meningiomas. There is nothing more frustrating than completely removing a giant benign meningioma with no immediate postoperative neurological deficit, only to have the patient later develop status epilepticus with subsequent intractable seizures and death. 2~ Various factors may be responsible for this serious disability that prevents otherwise healthy individuals from resuming normal life and work. Kadis et al., ~3 reported 105 cases of meningiomas involving the planum sphenoidale and the tuberculum sellae, and emphasized the importance of early diagnosis and treatment, The impact of computerized tomography (CT) scanning has also been assessed.
Clinical Material and Methods
This is a retrospective study of 350 consecutive patients who were diagnosed at the Vancouver General Hospital (VGH) between 1960 and 1981 as having intracranial meningioma. Seventeen patients lost to follow-up review were excluded from this study. Fiftyone cases were diagnosed at autopsy. Twenty-five patients who presented with clinical and radiographic findings consistent with intracranial meningioma were not operated on for various reasons, including high surgical risks. Of the remaining 257 patients, 338 craniotomy procedures were done. Information was extracted from the VGH charts. Follow-up assessment was obtained from charts of the Cancer Control Agency of British Columbia, from the offices of neurosurgical attending staff, and from the University of British Columbia-VGH Tumor Registry. Further information was obtained in 100 cases by phone conversations with the patients themselves or with immediate family members of the deceased patients. Two hundred and nineteen patients were still living at the last follow-up assessment. Statistical analysis was performed using chi-square testing.
There were 97 men and 160 women or roughly a 3:5 male to female ratio. The majority of the patients were between 40 and 70 years of age. The youngest was 5 years old and the oldest was aged 80 years, with a mean age of 53.1 years. Intracranial meningiomas were located most frequently in the parasagittal and falcine regions. This site was encountered in 80 out of 257 (31%) patients (Table 1 ). The middle one-third of the sagittal sinus was the commonest site, seen in 37 patients, 30 of whom presented with focal or generalized seizures. The majority of convexity meningiomas were found in the frontal and parietal regions. Half of the patients with convexity tumors suffered focal or generalized convulsions. Clinoid meningiomas were seen least frequently among the sphenoidal ridge meningeal tumors. There were 15 patients with pterional meningiomas: four were en plaque, and 11 were globular tumors. Meningiomas of the posterior fossa were divided into five groups according to Castellano and Ruggiero. 4 Eighteen of 41 tumors (44%) originated from the posterior surface of the petrous bone. The basal group included tumors of Meckel's cave (two), planum sphenoidale (two), anterior clinoid (two), floor of the middle cranial fossa (three), and cavernous sinus (one). The presenting symptoms and signs in these 257 patients are shown in Table 2 .
There were 113 patients with a tumor on the right side of the cranial cavity and 107 patients with a tumor on the left side. Bilateral involvement was found in 37 patients. Preoperative seizures were reported in 101 patients (39%). Sixty patients were found to have a meningioma on CT scanning prior to their first operation: the average duration of symptoms was 21.5 24 Gross total removal of the meningiomas was accomplished in 213 patients (83%) at the first craniotomy. The remaining 44 patients had partial removal of tumors or simple decompressive procedures (Fig. 1) .
Radiation therapy was delivered to 30 patients. The decision to give radiation therapy was made after consultations between the responsible neurosurgeon and an oncologist from the Cancer Control Agency of British Columbia. The tumor dose varied from 3000 to 5500 rads, with a mean of 4670 rads. Twelve patients received radiotherapy for histological malignancy, and nine patients for benign recurrent meningiomas. Incomplete tumor removal was followed by radiotherapy in eight patients. A 52-year-old man had 5000 rads of preoperative irradiation to decrease the vascularity of a tentorial meningioma, with subsequent surgical removal of the tumor. This technique has been reported by Fukui, et al. 9 Summary of Cases In this series, 246 of 257 patients survived longer than 1 month postoperatively. The 30-day perioperative mortality rate was 4%. The follow-up period ranged from 6 months to 22 years, with a mean of 9.0 years. Another 27 patients had died by the last follow-up assessment. Five died of intercurrent diseases. Tumor recurrence was the presumed cause of death in 20 patients. This was confirmed at autopsy in eight cases. The average duration of observed survival in 257 patients was 9.0 years while that with satisfactory quality (with a Karnofsky rating of 70 or above) was 8.3 years.
Location and Size of Tumors
Patients with parasagittal falcine, convexity, olfactory groove, and sphenoidal ridge meningiomas achieved longer duration of good quality survival than those with posterior fossa and suprasellar tumors (Table 1 ). For patients who had parasagittal falcine and convexity tumors, no difference in the period of satisfactory survival was found related to tumors along the length of the sagittal sinus and at different convexity sites. The postoperative survival for patients with alar and clinoidal sphenoid ridge meningiomas was similar. However, those who underwent pterional meningioma removal not only lived longer but also achieved the highest duration of acceptable survival with good qual- ity. Four patients with en plaque lesions underwent incomplete tumor removal, cauterization of the involved bone, and decompression of the neural structures. Postoperative improvement in visual acuity was encountered in two of these four patients.
Complete tumor excision resulted not only in longer observed survival time but also better quality of life than did partial removal (Fig. 1) . The tumors were arbitrarily divided into three different groups according to their size. A giant meningioma, 7 cm in diameter or larger, was present in 63 patients. Seventy-one patients had large meningiomas, between 4.5 cm and 7.0 cm in diameter. The remaining 123 patients were found to have small tumors of 4.5 cm or less in diameter. Interestingly, there was no major difference in the survival rates between tumors of varying sizes (Fig. 2) . However, a significantly longer period of good quality survival was obtained in patients with small meningiomas measuring 4.5 cm in diameter or smaller (p < 0.01). One of the important determining factors for postoperative survival is the preoperative clinical condition of the patient. Sixty (23%) of 257 patients failed to achieve a Karnofsky score of 70 preoperatively. Eleven (18%) of these 60 patients never achieved independent living postoperatively. Ten of 11 patients who died in the 30-day perioperative period belonged to the poor surgical risk group. On the other hand, only four (2%) of 197 patients who were socially independent prior to surgery required assistance postoperatively.
Three patients had multiple tumors. A 60-year-old retired businessman with central von Recklinghausen's disease and multiple meningiomatosis 26 died in the perioperative period. Two patients, each with multiple primary convexity meningiomas which were removed separately over a time span of 6 and 8 years, respectively, remained independent during the last follow-up period. A 63-year-old woman underwent incomplete removal of her clinoid meningiomas uneventfully, but a small asymptomatic convexity meningioma on the contralateral site was left in situ. During right frontal craniotomy and subtotal removal of a small planum sphenoidale meningioma from a 58-year-old housewife, two separate ~'orbital plate meningiomas," each less than 1 cm in diameter, were totally removed. She continued to perform household duties well during the 3rd year of follow-up assessment.
Tumor Recurrence
The diagnosis of t u m o r recurrence was made when the radiological findings confirmed the clinical suspicion in cases of symptomatic recurrence. The majority of patients, especially those with parasagittal meningiomas who underwent surgical removal of their tumors, had annual follow-up CT scans since it became available in 1976. The average time required to detect tumor recurrence by CT scanning was 2.9 years, in contrast to 5.7 years in the pre-CT scan era (Fig. 3) . The difference is statistically significant (p < 0.01). T u m o r recurrence took place in 57 (22%) of 257 patients, 37 of whom were still living at the time of this study. Gross total removal of the tumors with excision of their dural attachments was followed by recurrences in 10 (1 1%) of 89 patients. This increased to 22% if the dural attachment sites were not excised but cauterized (Table  4 ). Partially removed tumors had a recurrence rate of 37% during the 9-year average follow-up period. Parasagittal and falx meningiomas resulted in almost twice as many recurrences as the convexity tumors. Patients with sphenoid ridge and posterior fossa meningiomas had over a 20% recurrence rate. After tumor recurrence had been diagnosed, 39 patients underwent a second craniotomy procedure. The completeness of t u m o r removal was graded according to Simpson's classification. 24 As shown in Fig. 4 , patients with gross total removal of recurrent tumor had significantly longer duration of subsequent satisfactory survival than those with partial tumor resection (p < 0.01). 
Histological Study
There are several histological classifications of meningiomas. The five-category system proposed by Courville 5 and adopted by Burger and Vogel 2 was used in this series: meningothelial, transitional, fibroblastic, angioblastic, and malignant meningiomas (Fig. 5) . Frequent mitotic figures, necrosis, and cerebral invasion reflect malignancy, which was found in 18 patients. Four cases of transitional and two cases of meningothelial meningiomas recurred and became malignant. The average duration of observed survival for patients with malignant tumors was 3.6 years. There was, however, no significant difference in the results obtained from the various benign groups (Fig. 5) .
Radiation Therapy
Radiation therapy was given to 12 of the 18 patients with malignant meningiomas. The average tumor dose was 4670 rads. Survival time in the irradiated group ranged from 6 months to over 8 years, with an average of 5.1 years. Social independence was maintained for a mean of 4.6 years. Four patients were still living at the time of this study. Of the six patients who did not receive radiotherapy following craniotomy and resection of malignant meningiomas, the average observed survival lasted 7.2 months. This decreased further to 3.5 months if only satisfactory quality of survival was considered. Radiotherapy was given after incomplete removal of benign meningiomas in eight patients. Of these, two suffered tumor recurrence within a year, and in two, recurrence was delayed for 6 and 14 years, respectively. The remaining four patients were followed for an average of 2.8 years, and no symptomatic recurrence was noted at the last follow-up study. On the other hand, the average time for the tumor to recur in R. C. Chan and G. B. Thompson 19 patients after partial removal of benign meningiomas was 3.9 years. The third group that received radiation therapy included nine patients with recurrence of benign tumor. In the repeatedly recurring meningiomas, there was a general tendency for the time that elapsed before a further recurrence to get shorter and shorter. Radiotherapy was considered effective if the time interval before further recurrence was longer than that for the previous recurrence. Using this criterion, two patients obtained good results, but little or no value was experienced by four individuals. The results in the remaining three patients were undetermined.
Seizure.;
Preoperative seizures were documented in 101 (39%) of 257 patients. Postoperative anticonvulsant medication was maintained or used either prophylactically or after seizure development in the majority of the cases. Forty (40%) of the 101 patients who suffered seizures preoperatively continued to have focal or generalized convulsions after surgical intervention. On the other hand, 29 (19%) of the 156 patients without seizures experienced their first epileptic attack postoperatively. A history of preoperative seizures was a significant factor in the development of postoperative convulsions (p < 0.01). Sixty-five (48%) of 133 patients with convexity, parasagittal falcine meningiomas had seizures preoperatively, in contrast to 29% of patients with tumors located elsewhere within the cranium. The difference became more significant statistically when the respective incidences of 44% and 9% postoperative seizures were found between these two groups (p < 0.01). Careful analysis of the operative reports failed to reveal any major differences in complications, including marked brain swelling and arterial or venous sacrifice or damage. The number of cases with postoperative hemorrhage and wound infection in the two groups was similar. For the patients with convexity, parasagittal falcine meningiomas, particular attention was paid to the fate of the major surface draining veins and the bridging veins. This was, however, undetermined retrospectively in 21 cases. Of the remaining 113 patients, one or more of the major venous structures were sacrificed in 61 patients. The incidence of postoperative seizures among these 61 patients was 49 (80%). On the other hand, only six of 52 patients whose major draining or bridging veins had been preserved reported seizures postoperatively (12%). All six patients had a history of epilepsy prior to their operations. The difference is highly significant (p < 0.001).
Postoperative Complications
Eight of 11 postoperative deaths took place prior to 1970 (Table 5 ). Sixteen craniotomy procedures were complicated by infections and required bone flap removal followed by a delayed cranioplasty when the signs of infection had resolved. Eighteen patients had a transient postoperative hemiparesis. Varying degrees of hemiparesis were still present in four patients during the last follow-up evaluation. Transient dysphasia or aphasia was first encountered in six patients postoperatively. Eight surgical procedures were complicated by postoperative hemorrhage that required evacuation. All eight patients made complete neurological recovery except for a 74-year-old woman with a left frontal intracerebral hematoma. She was still surviving in an extended care facility 4 years postoperatively. A 45-year-old housewife underwent complete removal of a giant right frontal convexity "transitional" meningioma in July, 1962. Two bridging veins were sacrificed. The postoperative course was complicated by delayed left hemiparesis which resolved, and she was discharged 2 weeks later with no apparent neurological deficit. Three months later, she was readmitted in status epilepticus. The subsequent course was stormy and she died 6 months after tumor removal. A summary of the remaining complications is given in Table 5 .
Discussion
The prognosis for patients with intracranial meningiomas depends on many factors, including the preoperative condition of the patients, the location and size of the meningiomas, the degree of tumor removal, the histology of the tumor, and the effect of various therapeutic modalities including radiation therapy. In 1979, MacCarty and Taylor 2~ reviewed 682 operative procedures for intracranial meningiomas at the Mayo Clinic and found a 1-month postoperative mortality rate of 5.1%. In this series, the 30-day incidence of perioperative mortality was 4.0%. The average duration of observed survival in 257 patients was 9.0 years, while that with acceptable quality (defined as Karnofsky scores of 70 and above) was 8.3 years. One of the most important factors in predicting the final outcome is the patient's preoperative clinical condition. The number of cases of perioperative death and the number of patients with poor quality of survival postoperatively were significantly higher in the group that failed preoperatively to achieve a score of 70 on the Karnofsky rating. This is related at least in part to the large size and the critical location of the tumors as well as the marked degree of peritumor edema. 8 These different parameters can be assessed quickly and noninvasively by CT scanning. In fact, the average duration of symptoms was significantly shorter in 60 patients who were diagnosed as having intracranial meningiomas by CT scanning prior to their first operation, as compared to the remaining patients who were diagnosed in the pre-CT era. The importance of early diagnosis in patients with meningioma of the planum sphenoidale and the tuberculum sellae was pointed out by Kadis, et al. 13 This also applies to meningiomas located elsewhere within the cranium. Computerized tomography scanning is crucial for early diagnosis.
In 1975, Gregorius, et al., '~ considered tumor size as a factor with insignificant effect on visual acuity in 23 patients with suprasellar meningiomas. Four years later, Kadis, et al., ~3 reported visual improvement in 90% of the patients who had meningiomas measuring less than 3 cm in diameter as compared to 52% in those with tumors measuring 3 cm in diameter or larger. In our series, patients with meningiomas measuring 4.5 cm in diameter or less had a significantly better prognosis than those with tumors measuring 7 cm in diameter or more.
The outcome for most patients with malignant meningiomas is poor. 16.28 MacCarty and Taylor 2~ obtained a 15-year survival rate of 34% for patients with malignant meningiomas, in contrast to 68% for those with benign lesions. Postoperative radiation therapy for tumors showing histological malignancy has been advocated) 6"27 King, eta[., j6 reported an average interval between surgical removal of a malignant meningioma and recurrence of 10 months in four patients. With postoperative irradiation of 4500 to 5000 rads, the tumor-free interval was increased over eight times that before initial surgery in three patients. In this series, the average duration of observed survival for six patients following surgical intervention for malignant meningioma was 7.2 months. This increased to 5.1 years when radiotherapy was added in 12 patients. Four patients in the latter group were still living at the time of writing. In addition, the difference in the length of satisfactory survival between the two groups was over 4.3 years. This may reflect the fact that often patients in poor condition were not subjected to radiation therapy.
Tumor removal should be as radical as is safe for the patient, v~9 In Simpson's detailed analysis, 24 the recurrence rate following total tumor removal and excision of dural attachment was 9%, compared with 19% after total tumor removal and cauterization of dural attachment. This is similar to the 11% and 22% recurrence rates encountered in this study. Partial tumor removal was followed by recurrences in 37% of 44 patients (Table 4 ) as compared to the 40% reported by Simpson. 24 He also managed to reveal the presence of tumors within the sagittal sinus in 40% of the parasagittal cases. This is probably responsible for the high recurrence rate of 29% seen in the 80 patients with parasagittal and falx meningiomas. Other etiologies for tumor recurrence included tumor nodules detached during the operation, unnoticed subdural tumor fringe, and infiltration of bone. The overall recurrence rate in this series was 57 of 257 cases, or 22%.
Frequent CT scanning following tumor removal allows early recognition of tumor recurrence. The average time interval required to identify tumor recurrence by CT scanning was 2.9 years for 15 patients, in contrast to 5.7 years in the pre-CT era for 42 patients (Fig. 3) . This is similar to the 5-year average period required for most meningiomas to recur, according to Simpson. 24 Hence, CT scanning is not only important in making an early diagnosis of meningioma prior to the first operation, but it is also useful in follow-up assessment and in recognizing early tumor recurrence. In this series, 39 patients underwent second craniotomies for removal of recurrent tumors. The degree of tumor resection was graded according to Simpson's classification 24 and illus-R. C. Chan and G. B. Thompson trated in Fig. 4 . A difference of 3.3 years was found in average survival time between total excision and partial removal of tumor. In general, the chance of completely removing a smaller recurrent meningioma is much higher than a larger tumor, especially when vital nervous or vascular structures were intimately involved. Frequent follow-up assessment by CT scanning allows early diagnosis of recurrent tumor, provides better opportunity for complete removal, and offers a higher chance of prolonged satisfactory survival.
Radiation therapy is recommended by some authors following subtotal removal of a benign meningioma. 24"27 Simpson 24 reported little evidence of permanent benefit from irradiation, although it might be warranted when excision was incomplete and the tumor was rapidly growing. Wara, et al., 27 reported excellent results using radiotherapy following partial tumor removal. He found a recurrence rate of 74% in 58 patients with incomplete removal of meningiomas, in contrast to 29% in 34 patients with subtotal removal of tumors followed by irradiation with 5000 to 5500 rads. On the other hand, King, et al., ~6 were unable to show any beneficial effect of radiotherapy in reducing the rate of recurrence. The results obtained in this series appear promising. However, no definite conclusion can be made, as the follow-up period in four of the eight patients so treated is inadequate at the time of writing. Once the tumor has already recurred, the role of radiation therapy becomes more controversial. Yamashita, et al., 28 analyzed 336 cases of intracranial meningioma and concluded that radiation therapy for recurrent meningioma is of little value, although it is occasionally beneficial in atypical or malignant meningioma. They also recommended complete surgical removal whenever possible, including any significant recurrence. Wara, eta/., 27 failed to obtain any significant improvement from radiotherapy in patients who suffered recurrence of benign meningioma following primary resection. The results obtained in the present series of nine patients with tumor recurrence are consistent with those reported in the literature.
Epilepsy following meningioma removal is a common complaint even after successful tumor excision. 24 Olivecrona 2~ ranked severe epilepsy as the second most frequent cause of disability, with hemiplegia as the commonest. He also attributed four of 26 deaths to the development of postoperative status epilepticus. In Logue's series ~7 of 350 patients, 130 (62%) of 209 patients (62%) who had preoperative seizures became seizure-free after operation. Postoperative epilepsy occurred in eight (6%) of 141 patients without preoperative seizures. Ramamurthi, et al., 23 reported excellent control of preoperative convulsions with anticonvulsant medication in 20 (54%) of 37 patients following surgical excision of intracranial meningiomas, but 15 patients (12%) had their first epileptic attack postoperatively. Similar results were obtained in our series. There are multiple factors responsible for the development ot postoperative convulsions. A history of preoperativc seizures is a significant contributing factor. Seizure is one of the most frequent presenting symptoms when a highly functional area of the brain is involved. Patients with parasagittal (especially the middle third) and convexity meningiomas had a significantly higher incidence of seizures than those with tumors located elsewhere within the cranium. Postoperative seizures may be an indication of tumor recurrence. Cerebral herniation and intraoperative complications, including excessive retraction of brain tissues or subpial dissection, increase the incidence of postoperative convulsions. This may be avoidable by the liberal use of subarachnoid drains and osmotic diuretic agents. Cerebral edema is an important contributing factor 25 that may respond to corticosteroid therapy. Postoperative hemorrhage is decreased by meticulous dissection and complete hemostasis prior to wound closure. Prophylactic anticonvulsant medication is controversial, but is recommended in patients with a history of preoperative seizures.
Cerebral venous occlusion is a more frequent cause or contributing factor of cerebral symptoms and lesions, such as infarction, seizure, and intracerebral hemorrhage, than is generally assumed. ~,3.,o. J4 The importance of the venous circulation in certain vulnerable groups, such as patients with intracranial meningiomas, is not particularly emphasized in the literature. Lunsford and Selker ~* reported persistence of "luxury perfusion" associated with slowly resolving cerebral edema I month after the complete removal of a convexity meningioma. The development and the extent of subsequent venous infarction will depend on the number and the caliber of the draining or bridging veins that have been sacrificed and the available collateral venous flow. This may be responsible at least in part for the 68% difference in the incidence of postoperative seizure development between the two groups with and without iatrogenic venous circulation embarrassment. It is interesting that all six patients reported to have postoperative seizures, despite the preservation of all the important venous structures, had a history of convulsions preoperatively. Further investigation on the status of the collateral venous circulation in this group of patients may be rewarding. In the meantime, increased awareness of the importance of the venous structures may reduce the incidence of postoperative epileptic attacks and improve the quality of survival.
Conclusions
We conclude from this study that for small meningiomas, 4.5 cm or less in diameter, complete tumor excision, benign histology, and a reasonably healthy preoperative condition of the patient favor long survival and good quality of life following tumor removal. Computerized tomography permits early diagnosis and is invaluable in follow-up assessment. It allows for recognition of small recurrent tumors and provides a better chance of complete removal and a longer duration of satisfactory survival. Radiation therapy may prolong quality of life in patients with malignant meningiomas, but it would appear to fail in delaying further tumor recurrences when delivered to patients with recurrent tumors. Reoperation and surgical removal if possible is recommended under such circumstances. There are multiple predisposing factors for the development of postoperative seizures. These include tumor recurrence, a site involving highly functional areas of the brain, a history of preoperative convulsions, and intraoperative complications, such as excessive retraction of the brain tissue, subpial dissection, and sacrificing major draining and/or bridging veins. The latter factors may be considerably reduced or avoided by the liberal use ofsubarachnoid drains and osmotic diuretic agents, meticulous dissection, and increased awareness of the importance of preserving the venous structures.
